This study investigated the effects of temperature, salinity, and algal diet to find the optimal conditions for 5 days for the mass culture of the tropical tintinnid, Metacylis tropica. This tintinnid had a small, hyaline, and ovoid lorica. The oral diameter, length, and maximum width of the lorica were 36.7 μm, 49.5 μm, and 44.5 μm, respectively. In the temperature experiments, the highest maximum density and population growth rate were observed at 30°C with 340.7 cells/mL and 1.1/day, respectively. Lower salinities adversely affected the population growth of M. tropica. The maximum density was observed at 33 ppt (840 cells/mL). In the diet experiments, M. tropica fed Isochrysis galbana showed the highest density (413 cells/mL) and population growth rate (1.2/day). As a result, M. tropica is appropriate as a potential prey organism for early fish larvae with smaller mouths because the tintinnid has a relatively small size compared to the rotifer. In addition, the conditions of 30°C, 33 ppt and supplying I. galbana would be effective in the cultivation of M. tropica. 
Introduction
Planktonic ciliate, tintinnids are important grazers of phytoplankton and are links between nanophytoplankton and larval fish or crustaceans in marine food web [1] . The organisms are found in the gut of marine larval fish such as clupeids, gadids, flat fish, sciaenids, acanthurids and ammondytidae, particularly firstfeeding larvae compared to old larvae prefer to feed on tintinnids [2] . In the study of Nagano et al. (2001) , the aggregation of tintinnids in marine improved survival of first-feeding Japanese sand lance (Ammodytes personatus) larvae [3] . In addition, the survival of grouper (Epinephelus septemfasciatus) larvae was enhanced by presence of tintinnid as a live feed in laboratory study [4] . Thus, tintinnids have been considered promising candidates for mass production as main or additional live feeds for fish larvae in aquaculture [5] . However, little is known about the skill of mass culture of tintinnids.
We initially isolated the planktonic tintinnid,
Metacylis tropica on a tropical coast located in Chuuk
Lagoon, Micronesia near the equator. The tintinnid has relatively small size compared to rotifer (Brachionus rotundiformis, SS-type), provides advantages as being live food for marine fish larvae with small mouths [6] .
Generally, suitable prey size to be ingested by larval fish is determined by larval mouth size [7] .
The purpose of this study was to examine the effect of temperature, salinity and diet on the population growth of M. tropica to find optimum culture condition of the tintinnid which has never been reported before on its culture. In addition, we analyzed molecular taxonomy to identification of the tintinnid. These results provide basic information on the mass culture of the tintinnid which is used as initial livefeed for marine fish larvae with a small mouth. Observations were made through the use of an inverted phase contrast microscope equipped with an ocular micrometer and a microphoto system at a magnification of 400X. Thirty individuals were fixed in 4% neutral buffered formalin solution and measured their sizes.
Materials and Methods
The tintinnid was identified with morphological characteristics of lorica such as shape, length, maximal width and oral diameter [8] .
For molecular taxonomy, total genomic DNA from the tintinnid was extracted using the DNeasy Blood & Tissue Kit (Qiagen). The partial sequence of 18S rDNA was determined using primers 18S-Tin3F: 5'-GCGGTATTTATTAGATAWCAGCC-3' and 28S-TinR1:
5'-TGGTGCACTAGTATCAAAGT-3' [9] . Polymerase chain reaction and DNA sequencing were performed using slightly modified methods described by Lee et al. (2014) [10] . The newly determined partial sequence was deposited in GenBank with accession number KP883283 and compared to GenBank database sequences. For species identification, nucleotide similarities with pairwise distance value were determined using MEGA 5.2 [11] . 
Preparation of algal diets
The prymnesiophyte I. galbana (ISO: 3.2×5.3 μm), where, t is culture days with maximum density when tintinnid density (cell/mL) was the highest, Ni and Nt are the initial and highest tintinnid density, respectively. The oral diameter, length and maximum width of the tintinnid used in this study were 36.7 ± 0.8 μm,
Statistical analysis
49.5 ± 5.5 μm and 44.5 ± 1.1 μm, respectively (n=30).
The collar was short (7~8 μm) with 2 annuli (Fig. 1A) .
The shape of the aboral end was slightly pointed (Fig.   1B ). According to the morphological characteristics of Durán (1957) , the tintinnid was identified as M.
tropica [8] . In addition, we analyzed the 18S rDNA gene to identify the tintinnid used in this study. The newly determined sequences (1490 bp long) were compared to GenBank sequences. The closest matches (99.6% similarity) in GenBank using BLAST search was the 18S rDNA sequence of M. angulata (GenBank accession numbers AY143568), followed by 99.4% similarity with M. pithos (JX101862).
The culture of the tintinnid
In the temperature experiments, the highest maximum density and population growth rate were found at 30°C with 340.7 cells/mL and 1.1/day (P<0.001), followed by 26°C with 131.7 cells/mL and 0.8/day respectively, but the treatment at 22°C kept low density with 1 to 7 cells/mL, even M. tropica at 34°C showed negative growth and eventually died on the 3.5 th day (Table1, Fig. 2A ).
The population growth of tintinnids is regulated by not only temperature but also food availability.
According to Stoecker et al. (1983) and Verity (1985) , the growth rates of Favella sp., Tintinnopsis vasculum and T. acuminate increased with increasing temperature [12, 13] . In the present study, M. tropica showed a similar pattern to the above.
Lower salinities negatively affected the population growth of M. tropica. The maximum density was shown at 33 ppt (840 cells/mL), and significantly higher than others. While the population growth rate was the highest at 30 ppt (P<0.001), and the lowest at 20 ppt; they could not grow (Table 1 , Fig. 2B ). The maximum density and population growth rate of the tintinnid in this study were relatively higher than those of other tintinnid culture studies that were reported during the past several decades (Table 2) .
Tintinnids are algivorous filter-feeder [4, 14] but not all microalgae are used by the organisms. In this study, 2C ). It is known that ciliates are not able to digest phytoplankton with hard cell walls such as NAN because ciliates have no jaw which can break hard cell walls as a rotifer [16] . Picoplankton is important as a food source for microzooplankton, in practice, the cyanobacteria SYN is the most frequently observed food in the tintinnid vacuoles [17] .
On the contrary, M. tropica showed the lowest population growth when they fed on SYN. This can be attributed to the toxicity of SYN or food size preference of M. tropica. It is known that SYN have the toxicity to Eutintinnus sp. and Metacylis sp. [18] . On the other hand, tintinnids are known as a selective filter feeder based on prey size [17] . In case of the genus Favella, the organism tends to have a preference for larger sized prey. In the study of Stoecker et al.
(1995), 10 μm particles (equivalent spherical diameter)
were captured more efficiently than smaller particles (4 μm) by Favella sp. [19] . Moreover, Kamiyama and Arima (2001) reported that the prey selectivity of F.
taraikaensis is higher for larger algae than the smaller algae such as PAV under mixed prey conditions [14] .
Preferred prey size is related to lorica oral diameter [20] and the maximum ingested food size is up to 40-45% of the oral diameter of the lorica in tintinnids (Spittler 1973 Despite GISO and PAV have similar size to ISO, the growth of M. tropica fed the two diets were lower than that of the tintinnid fed ISO. This may be due to the difference of prey quality such as nutrition, digestibility and so on. Further study is required to understand the cause of the difference. Recalculated from the value of source by the equation used in present study.
Conclusion
The conditions of 30°C, 33 ppt and supplying I. 
